The present work reports on the fabrication and characterization of a planar Peltier microcooler on flexible substrate. The microcooler was fabricated on flexible Kapton© polyimide sheet, 12 pm thick, using Bi2Te3 and Sb2Te3 thermoelectric elements, deposited by thermal coevaporation. The cold area of the device (4 mm2) is cooled using four pairs of thermoelectric elements, connected in series with aluminium / nickel contacts. Optimization of deposition parameters allowed the fabrication of films with power factors of 4.9x10-3 W.KX2.m-1 and 3.3x10-3 W.KX2.m-1 for Bi2Te3 and Sb2Te3, respectively. These values are comparable with the best published results for the same material, under various fabrication methods (thermal coevaporation, sputtering, MOCVD, flash-evaporation or ECD).
Introduction
Thermoelectric microcoolers with efficient cooling capacity, small area (less than a millimetre) and short response time are in high demand, especially if they lend themselves to integration with microelectronic circuits. Since Peltier devices are reversible, they can also be used as generators, converting thermal energy into electrical energy. Micro-thermoelectric generators can be used in a lot of small, low-power devices such as hearing aids or wrist watches.
The conventional thermoelectric cooler ( Fig. 1) , with the heat flux perpendicular to hot and cold areas, cannot be scalable to microchip dimensions, using the same fabrication methods used for macro scale devices. New microsystems technology must be used instead, based on thick/thin film technology [1] [2] . Deposition and pattern processes of such films (tens to hundreds of micrometers) are still under development, and a long deposition time is necessary, to achieve good materials. The fabrication of the top contact is also an issue on these devices, due to its bridge structure [3] . Bottner et al. avoided top contact constrains by using two wafers glued [1] .
A planar design of device [4] [5], shown on Fig. 2 , allows the fabrication of devices with smaller film thickness. Although the planar structure has lower heat-pump capability, it can still be useful for many applications. In addition, this configuration also allows for easier fabrication processes, since all the metal contacts are placed on the same plane, and all the structures are planar, avoiding bridge structures for top contact. A flat cold area is readily available at the centre of the device. Several techniques have been used to fabricate bismuth telluride and antimony telluride thermoelectric films. These include: co-sputtering, electrochemical deposition (ECD), metal-organic chemical vapour deposition (MOCVD) or flash evaporation [6] . Some of them have higher growing rate, but with poor thermoelectric film quality. Some other require more expensive equipment, or a lengthy period to prepare the process or to fabricate the film. Co-evaporation is used in this work [7] . This technique proved to be a cost-effective process, with an excellent material quality, despite requiring a low deposition rate to obtain high quality materials. Tentative deposition of telluride films by direct evaporation of the bulk compound materials proved to be impossible due to the large differences in vapour pressure of bismuth and tellurium, resulting in a compositional gradient along the film thickness [8] . 2006 International Conference on Thermoelectrics 1-4244-0811-3/06/$20.00 C2006 IEEE
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Glass, silicon and polyimide were used as substrates, with good film-to-substrate adhesion. However, for thermoelectric applications, 12 ptm-thick polyimide film was chosen as substrate because of the low thermal conductivity (0.15 W.m-'.K-1) and appropriate value of thermal expansion coefficient (12X 10-6 K-') which closely matches the thermal expansion coefficient of the telluride films, thus reducing residual stress and improving adhesion. Flexible substrates (Fig. 3 ) add useful mechanical properties to the composite film-substrate and enable their integration with many novel devices [9] .
By adjusting the fabrication parameters to the optimal values, the power factors of 4.9x10-3 W.KX2.m'1 and 3.3x10-3 W.K 2.m-1 were obtained for Bi2Te3 and Sb2Te3 films respectively [7] . The effect of substrate temperature and composition on film power factor, presented in detail on previous work [7] , is shown on Fig. 5 and Fig. 6 . The best films are obtained at higher substrate temperature, with the composition near stoichiometry for Bi2Te3 films and Te rich for Sb2Te3 films. The growing rate of these films is about 3 ptm/h. Table 1 summaries the thermoelectric properties of selected films, with Seebeck coefficient and electrical resistivity measured at room temperature. It can be seen in Fig. 7 and Fig. 8 A thermal co-evaporation system shown in Fig. 4 was designed for fabrication of thermoelectric thin-films. Due to precise control of evaporation rate of each material and optimized substrate temperature, high quality films with high thermoelectric figure of merit are obtained. tQ.m was measured on n-type and p-type films respectively (these values were measured on glass substrate, fabricated on the same run of the device). Fig 9 shows a photograph of the fabricated microcooler.
The microcooler was placed on top of a metal block, with a hole in the center. The metal block serves as a heat sink to keep the hot junction temperature constant. The microcooler with the heatsink was placed inside a mini vacuum chamber, fabricated on copper, covered with a thermal insulator and with a small IR-transparent window on top. Thermal contact between parts was improved using silicon grease or paste. The vacuum chamber reduces significantly the convection and radiation losses. A current of 4 mA was supplied to the device. Using an infrared microscope, a thermal image of the device was acquired (Fig. 10) . This vacuum chamber was heated to 50°C (this temperature was necessary to achieve enough radiation to ensure a good resolution on the thermal image). The p-type leg and n-type (respectively on the left and right of Fig.11 ) have the cold side junction below base temperature and hot side junction above base temperature. The difference measured between hot side and cold side, under vacuum is around 4 'C. The achieved temperature on cold side is 1.5°C below base temperature (slightly small differences were measured on still-air conditions). Fig 12 shows the temperature profiles along the thermoelectric legs. The top graph represents the p-type leg and bottom graph the n-type leg. The resistance value of the entire device (eight thermoelectric legs) is 46 Q, i.e. 11.5 Q in each of the four pairs of elements. A resistance of 1 Q was measured on the metal pads; 2 x (2 + 0.2) = 4.4 Q was measured for contact resistance between thermoelectric elements and pads and 3 Q was measured in each thermoelectric leg. The contact resistance was measured using a four probe method. A current was applied through the metal-thermoelectric element This work also demonstrated that the compatibility of flexible electronics with thermoelectric microcooler, which use a 12 ptm-thick polyimide foil as substrate, due to its low thermal conductivity and high upper working temperature.
